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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a time-resolved spectrometer for terahertz 
(THz) electromagnetic waves enabling so-far impossible time-resolved measurement in 
saturation spectroscopy by amplifying THz pulse waves projected upon or emitted by a 
specimen for improvement on the signal/noise ratio. 

SOLUTION: The spectrometer comprises a pulse laser source, means for branching the 
laser beam, means for delaying the beam in one of branched optical paths, means for 
generating THz pulse waves in synchronization with the beam in the branched or 
delayed 1st path, means for amplifying the thus- generated pulse waves, means for 
controlling amplitude in the means for amplification, arrangement for projecting the 
pulse waves on the specimen, means for combining the light in the branched or delayed 
2nd path and the light emitted by the specimen, and a means for converting the 
combined light into electric signals. 
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mtZ'Wzftf-^frv (THz) mfiB&£i#*IL 
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[wm»D«e] 

©7fcS8©*£iI® $ # 33MS4 . 

8P#R4. *H3tifc^A'^ttf9^^WBBR«»t io 
ttHKAJ«-&#*4. 

6(cas$n/cm i «waw>'<* 20 

»tt3ftfc*&l>tt3&K^;Sftfc#2©^©#4 

jje©w?am*&a»Lfc#4 *sm z^m®. 

4. £T6C4£^£T£A;l,xtt:r7^Jl>-;/1i 
[S§*JI3] H#m&£l4*2&ttei&$ft/cA;l/X 

±E©^«#s«:Awr s c 4 ^#st4 -r 

[fi*S4] 2*a(,»tt3«Cffii6S*ifcA 40 

A;U* U — tf36*«SOe^iBa. L T - G a A s ©#* 

BS^eoTHzaaHftswwijpjfflofc*^. 

V ? ^|fefi{C<fc 4 T H z «fi£»fiCftf*fOT U fc3R*. * 
£W « : F#F*>6©THzjMf*WfflLfc* ; f«:|S 



^P§20 0 3-8 3 888 
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^;u^tt"f9^iU^«««%«M|-r4iWI#a«. ISA 

w/c ps^&tttsa 4 . c (ommzm itxh'j-s> 
c i> EPftn-r 4 . x h >j 

- 5 > yii«p&j*c *«c+»a«fiK 

4. teg,***?- 7^>i>ynmmzmtzm®^mt> 

[ii*96] ft*95(ciaig3n/c^-ju^^5^Ji' 
ffli>6h*2NW*ISJitt. *©es©*»±©«liiK:. 

[ff§*K7] f»*95*£Wi6(CfBtS3tl/tA;UX 

wi#S{cffli,>6n&*aM*isft«. *©isji©#»± 
©mhb# yy^-x^-ft jcjox 3 *i c t 4 ? 

[»3jaS8] §1*315, 6*4<r»«7KE«SnfcA 
ffi©iil»Rfcfflt> 6ft*¥*fHSIitt> *©feflK- 

So 

x, ms#te&fcWia-?2>wmim : $:M$\b'c> mum 

[19*910] »*95%^0 9©^-rn*K:fBiR3 
[00 0 1 ] 

[§momirz>timftm *^«. (th 
z ) wfflbiWbxmmmicmi-rz c twcz . 
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[0002] 



[ft*©8ffi] f»©tt»Wft?-^;l^*8B»l3lll|fl' «sei«|sHcA« , r&««4. att3*ifc*SW*36K: 

fl?#:)fcggtt> H 6 — !f**»£ ^3nfclll2©3^^4±E©«3iK»*»6tH«b 

mct^mmt. attLfc^au-if*©--* m#it£&fs£&^a4 t *rrsc4**w*4u 

^ > >a»jg^^S4 <t. ^vw^ttf-5^^7*agft* [ o o o 6 j g fc. 2 ©»»». '<* 

jjwizv— mv>&mm*mtzii, mm®* 10 **>©?& 9 . *)\,zi>-*mmt* wtmfrhvft* 

icmzsm&mi 0 t> o*>e>©>^*tt >w;M*©f^Juy*«**»£'rsf&£*a4> is 

uc^mux u-ir#*«#stt s«*#a 134. d# iB&£J{M3-r&wmi4 . ±SB©*Ba*Bft>6a*fi, 

*a 1 3 u— vftzmm^icmtf fc'wzwf-v^ivmm&fcmmbTmiWz*®® 

*^a 1 6 1. m.*&zx*ftmtitcft*zhK.ft& mmi%it2i}zt*mffl®&®t. ftmwc$>z> 

#4^ft#si 6*6©«^<t#4*si*rsm#A!iffl fc**«aM#Ksa)i-r*ieft*a4. *rrsc4 

*ai 7 4*«*A:t©t?** D *1$«4LT^S. 

[0003] [ooo7]$fc, *i6w«:*j » -sm 3 owm. mm 

{mwwkh&'ibirzmm q&kof-^wnm ftMffezwztcwcm 1 *si»«»2©«iH©ifjsBcjn 

7«BSft**SH-v^ jn7> h«T4^Si»fc«f>. fe&S'J a«c J: 0 <a»l^ra*J jl 6 Stilt*** u— !f3fc©t-A 
[0 0 04] C©»Ett±Efcfc*Ji*3tifct>©-C. 30 «4l/rt>*. 

«B5£^KJI8W3ti*/^l/^ttf-^'vA^*SB«©a* [ 0 0 0 8 ] £tc. 43M(C:bt**J|l4©ft!J!i2. HS\ 

»*3M*Wi5WLfc^^ttf-5^l/y«8ift*it &©?£>*). ±KLfc*l. »2**(,»I4JH3©»B© 

#J-*C4fcJ:9. Se*©^9^;U^«S8«l«lll»)»» flffiXfCtDAT. /^U- !f***»#*tt*. LT- 

«fc o titiittommsit&miHsx . aroeigN© g a a s ©** » xkbkik^ -r ? * 

jg»f&H9. **t»tt. *jasC»©1f^X«:oi>r©fie J*F> ¥*fi*ffifr6©THz«^^*«Jli0fcJR 

*©*KT©WR*IMll/. fE*©?-^.* -f, #/<5y h y v^lHiK J: *THz*»«awW%W 

©T*&f-5^^7*«ft«fflB»»»3a6««r»tt-J-* 40 **C4*#«4l/Cl,»S. 

Ci^aWi-T'S. [0 00 9] *fc, $5©8!Jgtt. ^ift^^t^'JP 

[0 00 5] ^ttf-5^;U!y«»ift*Jt«'rsfe©r*»). ±iBUc 

Sfc*©#ai iKBWiilJiS-rSfcaf) JUL ^2, *3*SW**l4©|&W©*iiSK*s(,>T, 

4, »^*6©**tWR©36»«:»«W-*^tt#a ©feoW-T3 2o©ttfiffiK-#©*-Att«i*R 

4, »*3*ifcl>1*ii*>©*«©**jBB3***a »fcPSI*«*ISJIt . C©S@*abTX h 'J - 5 > 

vfttmMbxwx^^^hvmm -5>^ji8ti*^D'S{c+^®accc©#i^ B B B ^*p 

*«4TS»*#a4. f^Lfc^^^ttf-?^^* ^■5^P^a4 > St-^?L©^*«^iE?L©^(C^ 
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4. «j**6f-^^;U!y*siift*ittW-r*tH»#®i. 

[00 10] J/c, *6©IW!«, *f4>Ii«<*^©A{iJ# 
^©JRfc*flJ*«JT S *>©?* 9 . ±IB Uclt 5 ©2P;§© 

mdEKjoAT. jja©*i^afcffli>&ti*¥3WHSii 

«KjU8%WT * c 4 £®Sfr4 4. 
[OOlUifc. !&7©#SBJ5i. «««#^©Affl* 

gftfftitt. ^©&ii©#s&±©J»^ a - x * - 

[0012]$fc, JfT8©lfcBJJ«. Wf(C<&K%«EE* 

7©»W©«teR«:ftIitT. ±E©««#aKfflt>6n* 
33ffft£JIK. *©ISftKH*ttJ6**E|WlI-f -5 C 4 (C 

«fc *) ±iB©s)e»«tt»*jBia6r s fCi#g&®#jn§© 

Hfii£ffi< ft 6 W&fcC 4«*«4 

[o o 1 3 ] *fc. 99©jhb». &^m$mwcm 
i,>rftfr©»B©#WiK»i*.T> ^gjs&ccEPAi?* 

[0 0 14]$/c, mi 0©»9itt. 3 5(CJCl»Mftft 
WiT||J&C« -5 J: 9 K-T SfcfcK. ±E btcm 5 fe (,» 

o»9©i»m*©»w©iiiaE{cj!iaitT. 3 6(c. *m 

/U'^«««©af*lSlK»L-CitS[-r *««4^oc £ 
[00 15] 

[#£BJi©^ji©ff2lg] WTKCOlMlOf-^^^aK 

H2©SB(t. ^7^^7WB8R©*3WttSS*fflt>fc 
4. C©8«tt. /fJU^U— 1f*«l 4. SBfc»a»6© 

#*^©*Kfc#s*sa**K2 4. amtittM 

l ©3fcK©/<;u* u-if#fcBJHt/rA*;i:R©f^ 

3 0 4. S/WatRf-^^WIiftfcHIWor. HtriB 
!WI#S©«ttflE ) fe^bS*«*t*KW»*a2 2 4. 

att s n fcit 2 (Dftfavmrnm s if s iie^st 3 4 . 

C©SBB53'ftfc#4tt*#K3 0*a»Lfc#4*£« 

■rs^iis^ai 04. ccMstifc^i^i 
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KAJW3tt*IIS#*8l 14. *©*ff£¥Ma*>6lfl 
W 0 /tffc£fil# 3 * 1 3 4 . C ©<§##& 1 

3 imMbiLmmm^ic%.mzmk^m 1 6 4 . 

n'AXU- !f3fe*^"a-^4Urffl(r»Sft:8i)K:02© 

««m^«:saiir*a»#si 5 4. s&^gi 5fc£ 
o' 1 6 *> 6©m^©n*K€>m#Ma^s 1 7 4 . ami 
&s^&i 7 a^©m^©$^£Wt-r serais 1 8 

*£tf1fj£ra*. 

10 [00 1 6] m-c&mbtcrv^iy (thz) mm 
mmm^ms 0 «. * h >j - 5 >y«»4B?tfn£$ 

*t o-csts^^fiST?. c 4 k <kzmmi&mzmm l 

fc&©r*9. *©J8&B©¥*tt£iltt. Pf©Ge 
Ga£7*-te:7'#-4 0r. *©^B*i(K*J 
lxl0 14 cm- J (Dfc©TW. ^©*£H©-»M X« 
3. 3mmX3. 3 mm<D7yb >y hf. ft3«45m 
mr&S. P£©Ge««B*f*^y$A»tt©»*l'< 
20 •> Ffcv$>MSftrt,>a. m«B«0. 47T©&g 
r. Htf©*&«EfcJ:»)»£3*iTl>5. ifc. «*l 
/^TXa-;W«, ^sl© (10 0) ffitcRtffcftfc:*- 

fcSl^Citftr&S. THz*fiS^«. lmmJ¥©(l 
10)*? hZnTe|g*«:7*Ah«»U— !f-%aT 

r»*LTt>*. c©«*»««**«tt*#b"ci> 

So *©U-1f*©ift*». 8 0 0nm, A;W110 
Off*. lkHzt*^. */c. -e©«m 

30 jimSS ( Z n T e «A) 's© U -y%<DXt>* V - 
«. 28 0mW(280MJ/^)f$)^ CC 
-C. ZnTe^ B B 9 ^|5|^SC4K:J:0. THzlIS 
©iB**l^*a*4C4*JT*. *4ifct*¥K:iB*3 
ft. 3. 3mmX3. 3mm©7 rH2 v hiftitcG e 

isiitcjibfesns. «*Ktt. mmmzm^it. *© 

». THzI88tt. fi$4 5mm©PS0Geg a B B 5: 
]1&U WlifCioT, fl!l©ZnTelSJi (J?3 2 
mm) fC«^Sn/c 0 THz^Jjgig©m«^S». *> 
•^-4 0Tffl^fc«^*^ H f©««{cj:-5r > 
40 ^A;U^©fi*©SE^fc4 0Tt(WJ3ti4. ^©^b«. 

*«iiH»4#9^*-T' , cu-y+- <wi«) *m 
i>r«esn*. THz*fi8»4±E©Ge«fa«:Enfti 

■T*«tU<-fr^<JU^ (2/i». 16Hz) 4©PIS8 
tt. U— tf- F5-M-*»6© h >;^-M#*fflc»r4 

[0 0 17] 03 (a)«. «R/'C-fT^^^#TH 
zSJi^4aft^/c^©^tilO/'cTHzft#^ (d t 
= 0w#, UK) 4«{p<-f7^^U^*THz«««[ 
©jwK6 u #"T e. L fcB#©&tti 0 ^ff-^^ < d t = -6 
50 TO) ?r^br*J0. 03 (b) ». *ti-eti© 
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«ftls<4 7*^U*#TH z ofcB*©a# 
jgjfc (£it) £«^V7XA;U*#THz*?&$£« 

fcTHzwaatw. -o.3p #©«&#* d. -e©±sg© 

jStl«> -f 7 * >WZ 4M£ -3 T (r>fcl>T H z ft 

©fc^iifc^T. 2THzifi2T?it*U ITHzOT 
-cmfrlcm&L-C^Z. 03 (c) KWT^fcEPftlt, 
tc&fOZ-*? b W'HT Z&ttloJbX^ft^tZOZ 
bfrtttttZtti:*?,, -e©tb«2THz(C*$W-S 

fCj:^UiRjRi^3&S$)S. H#fc. Ga©Difg{«03© 
i^fC2.04THz-C*S„ 

[0 0 19] Cft6©IS*rt»&. ^fSBJJB. f-7^;l/^ 

wBmmam&itMmt bxmm & c 4 

[002 0] 

[ntfecm [* i o^aiii] h i b. f 7^^7«i« 
mftMftymmvm i ©^flte^-r h-c&&„ 0 1 

-WWli. K*^6©#*t»©^fc$M«-* 

^-7 5 7-tc«ts»iK*a2i. aastifcim©* 

4. jffig* 5 Wfc» 1 ©#H©>W* U— !f*K|5«80 

5^*9«^tsijeiwjcAirt-*«wti, mam 
*as 0 4. iEoaBewB^etttMLte^^ttf-^ 

?«tttt(c|gm 0 "OHVW* * TH z «&$©¥ 
*mA*ai>fcflMHfft 8 KEOftrr S C £ K J: 0 pfB 

^2 ©«MI#S©Jf «**»tSH* ***>w*iasa 

r * & wisn^a 2 2 1 > &m tiicm 2 <om><o 
**«ts**«HR"cr*fcjii 1 ©«##a 194. 

C ©fijfc 3 ftfc7c4 ±f E©*PI^a 3 0 * MA b tow 

*ttf^;i/?*»«4*£»rr*£ift*a ioi. c 

1 3 tmm& 1 3 *aiiLfc**«a«#{c^ft-r* 
mmftm~cvzK.mim.%&m 1 e t. 

#fc»2 0»R#ai4i. »2©#tt^a©#£«ft 

©#KSd)lf *3N«**ttlH«r t * yt» 2 ©3E»#a 

isi. sfii©g&^a*>6©mmfi#43t2©«£ 
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[002 1 ] [*2©I06W] H4tt» f-9^U^*tt 
$B#R8#ft?#ftgg©t&2 ©£*W*5V$-Hr**.' 0 
1 K^^7^;U7«fiBBK«fW^J!l»3I^Btt. 

u-iaaaii. s*iBf*>6©36*a«©*KK^tt-r 

7cSS©s3*iSMur, -e-©#*«5£$ti-£iii£*a3 

x vxdt- 7^)1 vwm&&BL* znmm&ik 
x *) ft*f-9^7«asfi«4#a4 4. r^fr'vn 

7^;u^ftffi8«*S>J^KI4(cAI*-r-5^4, ffiSK^ 

*» & a# o fc> f - 5 ^;t/ -y nm&zmmm 5 4 
ffl^m*L,rwi^a3 0 ic .t: oriiww s«j$4 . 

i»r*jt^*«)iS4. *fa»6©h !/#fl»fc 

B«W4 C 4 K J: *) ±tStom&miPhBit btoWX 

20 ^^lymm&icmmbxm^w^THzmm 
m>wam 8 icwjn-r * c 4 tc <fc 0 mam 2 ©««# 
«©*wi*t»bs**«ft' , »ii'^«Wi-c***t(i* 
2 2t. &m titcm 2 <&m®ytzm% $ a 
zmmx-cz tern 1 ©«**a 194. c <m% 3 n 

Zc3lG©t*-AS?:J£ATS«ffiS*f^t?*^. ^-ASJfi 
A^a2 1 4. t-A8Bfc*:*a2 1 %W»Ttf-AS 

30 *©«a**«**>6awofc**«*3*&«*tR-c 

r#fcf&2 ©<i^#a 13 4. «*#a 1 3 ZMfcbtc 

«fiS©^^a 2 6 4 . ««3 2 ©^ss©^* $ 

6K^tt-r*^-7 5 5-T?'C*fc»2©»tt*ai 4 

4. *2©^^a©#*«««#ica»ra¥#&3i£ 
twaa-cc^feieft^a 154. ^*a 1 6 *^6©« 

«««t«TT*fcflHWM*a 1 7 i*a*n> 
-5„ a#«ffl^ai 73^6©M#«. tfvirZii-T* 
40 1 8 *fflt»rTaLra^3*»#tk*i^±s 

fiwi#ai 7*>6©m#b. s/c. 

[0022] cct, aa#a3 0tt. ^5^*9 
h 6 oftmc&sz titcmim&wE 21 4 . s«i»± 

H4«ff©o»i&tite*»ftBa*ffll>A:aitH«#2 8 
t*«itTl>*. 2 7». 7fe«I©[a , 9K:ia|g-r^C43&5 
Bjgg-C* 0 . *©«»{****«:» OTafit©fiR»*i* -J 
Xto*). *©J*»*a»%SEASC4KJ:»)*Kir4C 
50 4*5Dltg-e*S. •e©«@2 3 > 2 4(J, XH(C 



9 

*£I5g{cT&*(Ccfc-o-c, flMBr* c 

H«i*o!iiife*»wr*c £-c*s. 

[ 0 0 2 3 ] *fc. J*6KOTft*¥*ttlftAtc-Ntt 

6tlTl»*. C©B8. jEtt*. £"©;£|SjK:EPJjnt,Tfc, 
-e©IHiI£{£<-fSC£#-et.5. C©fc*>{CflIt,>S- 

[0024] [93(D^iiiM] H5«. f 7^7«8 

mmmftmsom 3 ©£&»«**«- ht* s. h 

^7««iftfti»tt-rsiMi*a3 0£, ±iB©*BaK 
m^vi/x * t h z «e»©^M4«a«ffic^«H(ft 

8 {cEnwr & C £ (C J: 0 B«IB^ 2 ©iifa^I8©ii*sK* 
Kft3«&«^<^x«Mrft«imiKMW^fit2 2 

$J&£, #tt3ftfct&2©#^fiS*BISt/C. *© 
*£S&3-»i£a&¥I33£, jBttfe5»fc#£JbB© 

-1 8*J|lvc«#*HIKfito6|Sj±Stt"Cl»4. 

[0 0 2 5] cct, f-^^;U7«BBft©lfi4*iS£0 
-Gi, i><oj&©fiEfc&6ftfc#ffi*fl|t»Sc£#r# 
4. 1) LT-GaAs©#X-f » 

l>ZCtifiV%Z1fi> Cfttt. !&£ (M.Tani, S. Matsu 
ura, K. Sakai and S. Nakashima "Emission character 
isticsof photoconductive antennas based on low- tern 
perature-qrown GaAs and semi-insulatinqGaAs" Appl. 

Opt., Vol.36, No. 30, 7853-7859 (1997)) dC'ZtfflZtl, 

*fc. 2) *«a«aH*©3fe^-f 
USCi^T**^, Ctltt. H3t (M.Hanqyo, S. Tom 
ozawa, Y. Murakami, M. Tonouchi, M. Tani , Z. Wang, 
K. Sakaiand S. Nakashima "Terahertzradiation from 
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superconducting YBa2Cu307-dthin films excited by 
femtosecond optical pulses" Appl . Phys. Lett., Vo 
1.69, No. 14, 2122-2124 (1996)) tC&PHSflTVS. $ 

ttzmmctufi-citzifi. cn». (cdx.-c. 

Zhang and D. H. Auston, "Optoelectronic measuremen 
ts of semiconductorsurfaces and interfarces with f 
emtosecond optics," J. Appl. Phys. Vol .71,No.l,pp. 
326-338 (1992), N. Sarukura, H. Ohtake, 

10 S. Izumida, andZ. Liu, Appl. Phys. Lett. Vol.84, p 
p. 654-656 (1998)) iC£H34VCl>&. *fc. 4) 

€fllC>5t: Cfttt, t&lfc (Jun-ichiShik 

ata, Kbdo Kawase, Ken-ichi Karino, Tetsuo Taniuch 
i, and Hiranasa I to, 'Tunable terahertz-wave parame 
trie oscillators using LiNb03 and Mg0:LiMDO3crysta 
Is," IEEE Transactions on Microwave Theory and Tec 
hniques, Vol. 48, No. 4, pp. 653-661 (200O))tC&l33 Jl 

rtr>*. *fc. 5) «^#P*6©maWt*M«l/te 

20 *^*ffll>*C£*Jr#&*J. CW*. (P.C.M. P 
lanken, M. C. Nuss, I. Brener, K.W. Goossen, M.S. 
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[0034]$^ »7©|fflBr». *5**l».i»6 
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•e©7-'J:c£ft£^-f0-C. (c) 7 
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[ft#©!&BJ] 

1 aw* U— 
2 

3 iiS^S 

4 f^juy*8fl»fcl6£*a 

5 Mjffigi 

6 ir^-i-X-xtv V 
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8 pmsm 

9 A*f^& 

10 #©fl«^& 

1 1 mm& 

12 iim^Mii 

13 

14 att^a 

15 

16 £ft?£t 

17 ft#Ma^is 

1 8 w-m% 

19 (R£#g 

20 m^m 

2 1 t-Asa£*^© 

22 wmm&st 

2 3> 2 4 m@ 
2 5 MESffl 

2 6 

27 jseii«a85 
2 8 mmm 
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«SiM^iWI^Wr4-2-l 

(72)m% mm m 

WMm^jmmm4 - i - i as 

3toa«M^mji#4kRr4 - 2 - 1 



Y 2C020 AA03 CA14 CB05 CB23 CB42 

CC26 CD03 CD1.3 CD15 CD24 
CD35 

2C059 M05 BB08 BB16 EEOl EE02 
EE05 EE10 EE12 OC01 GG04 
GC08 HH01 HH06 3301 3302 
3314 3318 3319 3322 KK01 
NW01 MC3 NM08 

2G065 AA12 AA13 AB02 AB09 AB16 
AB23 BA02 BB14 BB27 BB32 
BB39 BC05 BC15 DA08 



